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Description 

[CONTENT ADDRESSABLE MEMORY 
STRUCTURE] 

Background of Invention 
[0001] Field of the Invention 

[0002] The invention relates to memory circuits, and more par- 
ticularly to content addressable memory circuits. 
[0003] Background Description 

[0004] a content addressable memory (CAM) is a type of associ- 
ated memory having an individual logic circuit associated 
with each memory cell or CAM entry. The individual logic 
circuits of each memory cell allow for simultaneously 
comparing the contents of each memory cell of the CAM 
in a single memory cycle. Because the entire contents of 
the CAM memory can be searched in one memory cycle, 
such memories may perform fast searches. CAM memory 
is especially useful for cache memory as a lookup table to 
point to an information location for information stored in 



conventional RAM (random access memory) memory. 

[0005] As noted above, a benefit of a CAM is its ability to search 
all entries simultaneously. For example, a CAM that has 
IK entries can be searched in one cycle, while a standard 
memory (SRAM or DRAM) would typically require 1000 cy- 
cles to determine if the desired data is 
present. Unfortunately, this beneficial aspect of a CAM can 
also cause functional problems. For example, by searching 
all the memory cells simultaneously, large current de- 
mands can result. Such large current demands typically 
depend on the specific data contents of the CAM with re- 
spect to the search data. 

[0006] Figure 1 illustrates a related art CAM array 10 comprising 
multiple memory cells 12. The memory cells 12 are ar- 
ranged in rows 28 and columns 29 forming an array. The 
memory cells 12 in a particular row 28 are connected to 
one another by a match line 14. The match lines 14 of 
each row 28 are also connected to a hit logic circuit 19. 
The memory cells 12 in a particular column 29 are con- 
nected to one another by search lines 16. The search lines 
16 couple the output of the search drivers 18 to the input 
of the memory cells 12. An output 32 of the hit logic cir- 
cuit 19 is connected to the input of a priority logic en- 



coder 24. The hit logic circuit 19 also outputs a hit/miss 
signal 22, and the priority logic encoder 24 also has a hit/ 
adder output 26. 

[0007] | n operation, the search drivers 18 input the search data 
into the CAM array 10 through the search lines 16. If the 
memory cell 12 does not contain the target data, the 
memory cell 12 causes its associated match line 14 to 
discharge to ground. If the contents of a particular cell 12 
match the applied data received, along its search line 16, 
the memory cell 12 will allow its match line 14 to remain 
high. Thus, if all the memory cells 12 in a row 28 match 
the search data received on the search lines 16, the match 
line 14 of that row 28 remains high indicating a match. 
Otherwise, the match line 14 is discharged to ground in- 
dicating a mismatch or miscompare, in at least one of the 
cells 12 on the match line 14. At the end of a search cycle, 
all the discharged match lines 14 are precharged to a high 
state in preparation for the next search cycle. 

[0008] For the CAM architecture of Figure 1, a miscompare on all 
the memory cells 12 will result in the discharge, and sub- 
sequent restore from low to high of all the match lines 14 
within the CAM 10. In this case, all of the search lines 16 
and all of the match lines 14 will be switched from low to 



high within one CAM cycle, causing a large current de- 
mand on the power supply powering the CAM memory 10. 
If previous CAM 10 search cycles resulted in mostly suc- 
cessful compares (or simple CAM writes ), and the match 
lines 14 were not switched, then the instantaneous de- 
mand for the peak current may result in significant power 
supply noise (known as di/dt noisel). 
[0009] Accordingly, large CAM circuits may draw more current 

than the power supply can deliver and cause the system to 
malfunction. Therefore, it has become necessary to define 
a CAM architecture that can reduce current demand. 
Summary of Invention 

[0010] The invention includes memory circuits which may be 
searched quickly and require low power to operate. The 
invention includes a class of memory circuits known as 
content addressable memory circuits, and includes a 
method and circuitry to selectively search such a memory 
segment-by-segment in order to conserve power require- 
ments. In a first aspect of the invention, a method is pro- 
vided for a content addressable memory having multiple 
memory segments defining at least a first and second 
memory segments. The content addressable memory also 
has a search control circuit configured to search the at 



least first and second memory segments in a prescribed 
order for certain data and to stop the search when the 
certain data is found. 

[001 1] Another aspect of the invention includes a content ad- 
dressable memory having a first array of memory cells, 
and a second array of memory cells. Also included is a 
search logic circuit configured to prevent the discharge of 
the second array of memory cells when a search of the 
first array of memory cells finds certain data. 

[0012] Another aspect of the invention is a method of searching a 
content addressable memory, including providing multiple 
memory cells in at least a first and second memory seg- 
ment. The aspect also includes searching the at least first 
memory segment for certain data, and stopping the 
search before searching the second memory segment if 
the certain data is found in the first memory segment. 

[0013] Another aspect of the invention includes dividing a con- 
tent addressable memory into at least a first and second 
memory segment, and searching the at least first memory 
segment before searching the at least second memory 
segment in a prescribed order for certain data. The aspect 
also includes wherein if the certain data is found in the 
first memory segment, stopping the search, and if the 



certain data is not found in the at least first memory seg- 
ment, continuing the search in the at least second mem- 
ory segment. 

[0014] Another aspect of the invention includes a computer pro- 
gram product comprising a computer usable medium 
having readable program code embodied in the medium, 
the computer program product including at least one pro- 
gram code to search a first memory segment of a content 
addressable memory for search data, and search a second 
memory segment of the content addressable memory for 
certain data only if the certain data was not found in the 
first memory segment. 
Brief Description of Drawings 

[0015] Figure 1 is an illustration of a related art CAM memory; 

[0016] Figure 2 is an illustration of a CAM memory cell in accor- 
dance with the invention; 

[0017] Figure 3 is an illustration of an example of a CAM memory 
in accordance with the invention; and 

[0018] Figure 4 is an illustration of a flow chart showing steps of 
using the invention 
Detailed Description 

[0019] The invention provides a CAM memory which may be con- 



figured to have reduced current demands. The invention 
also provides a CAM memory selectably configurable be- 
tween a state with reduced current demands with only a 
slight performance loss or a full performance state requir- 
ing typical CAM current. Additionally, the CAM memory 
may be repeatably switched between a state with reduced 
current demands with only a slight performance loss or a 
full performance state. 
[0020] The CAM of the invention permits a discrete amount of 
memory cells to be searched, and not discharging all the 
match lines of all the mismatched cells in a search cycle. 
Consequently, groups of complete rows are sequentially 
searched group-by-group until a match is found. Once a 
match is found, no further rows are searched, and the 
match lines of the unsearched rows are not discharged to 
ground. 

[0021] Referring now to the drawings, Figure 2 shows an exam- 
ple of a CAM cell 20 which may be used with the inven- 
tion. It should be noted that virtually any type of CAM cell 
structure will function with the invention, and the struc- 
ture of CAM cell 20 is used merely for illustrative pur- 
poses. The CAM cell 20 includes six transistors T -T de- 
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noted as reference numerals 36, 38, 40, 42, 44 and 46, 



which form a six-device SRAM (static random access 
memory) cell. The SRAM can be written to or read from in 
the conventional manner. In addition, three transistors, T 
7 -T g , designated as 48, 50 and 52, form a compare por- 
tion of the CAM cell 20. 
[0022] still referring to Figure 2, the transistors T j and 36 

and 48, are coupled to a first search line 54, and the tran- 
sistors T and T , 38 and 50, are coupled to a second 
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search line 56. The first and second search lines 54 and 
56 may also be referred to as true and compliment sig- 
nals, respectively. The transistor T q 52 is coupled to 
ground and a match line 58. The transistors T^ T 3 , T g and 
T , 36, 40, 44, and 50, are coupled together at node 
"A"60. The transistors T , T , T and T , 38, 42, 46 and 
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48, are coupled together at node "B"62. 
[0023] During a CAM search operation, the match line 58 is 

precharged high, while the first and second search lines 
54 and 56 are precharged low. Data applied to the search 
lines 54 and 56 will drive either the first search line 54 or 
the second search line 56 high in accordance with the 
search data. Depending on the data contained in the par- 
ticular cell 20, the corresponding match line 58 will either 
remain in its precharged state (e.g., search data matches 



the cell 20 contents), or discharge to ground (e.g., search 
data mismatches the cell 20 contents). 

[0024] For example, if the CAM cell 20 contains a logical "0," 

node "A" 60 will be low and node "B"62 will be high prior 
to a search of the cell. If a logical "1" is applied to the 
search lines 54 and 56, the first search line 54 will drive 
high, while the second search line 56 remains in its 
precharged low state. With both a gate and source of 
transistor 1^ 48 high, the match line 58 will be discharged 
through the transistor T g 52 to indicate a miscompare. 

[0025] on the other hand, when a logical "0" is applied to the 
first and second search lines 54 and 56, the first search 
line 54 remains low and the second search line 56 drives 
high when searched. Under these conditions, transistor T g 
52 cannot be turned on and the match line 58 will remain 
high, indicating a match has occurred. In some implemen- 
tations configured to reduce power consumption, the CAM 
cell 20 may be designed to reverse the polarity of the 
precharge in an attempt to reduce the overall average 
power requirement of the CAM memory. However, this 
may limit the voltage swing on the match signal and to 
only allow match line switching when a hit occurs. 

[0026] | n some CAM memory implementations, the signal match 



line 58 is precharged low. At the start of the compare 
process, the pre-charge on the match line 58 is turned off 
and a pull-up device is activated to pull the signal match 
line 58 high. If the CAM cell 20 contents are not matched, 
and transistor T g 52 is on, the match line 58 can not be 
pulled high, resulting in a miss signal on the match line 
58. When the transistor 52 is off (e.g., CAM cell 20 
matches the search data) the pull-up device will charge 
the match line 58 high and a hit will be detected. Also, in 
some implementations, CAM cells alternatively allow the 
match line 58 to remain at ground for a mismatch and 
transition to high for the case of a match. For such CAM 
designs, the peak power draw will occur if all entries com- 
pare, resulting in all match signals switching to high si- 
multaneously and causing a large current draw. 
[0027] Figure 3 shows an example of a CAM memory 30 using 
the CAM cells 20 of Figure 2 with an additional search 
control circuit. The search control circuit includes all com- 
ponents used to search the array or arrays of CAM cells 20 
of the CAM memory 30, as explained below. It should be 
noted that, if applicable, the CAM 30 memory of Figure 3 
may also use other related CAM cells and still fall within 
the scope of the invention. The CAM memory 30 has first 



and second memory segments 200 and 300. 

[0028] it should be understood by those of skill in the art that 

the CAM memory 30 may also include three or more seg- 
ments, all constructed in accordance with the invention. 
Thereby, the structure of Figure 3 is provided for an illus- 
trative embodiment, and is not meant to limit the scope of 
the invention to only the two segments 200 and 300. 

[0029] First memory segment 200 has multiple memory cells 63. 
The memory cells 63 are arranged in rows 78 and 
columns 80 forming an array. The memory cells 63 in 
each particular row 78 are connected to one another by a 
corresponding match line 64. The match lines 64 of each 
row 78 are also connected to a first hit logic circuit 70. 
The memory cells 63 in each particular column 80 are 
connected to one another by corresponding search lines 
66. The search lines 66 couple the output of a search 
driver 68 associated with the memory segment 200 to the 
input of the cells 63. The output 82 of a first hit logic cir- 
cuit 70 is connected to the input of a priority logic en- 
coder 74. The first hit logic circuit 70 also outputs a hit/ 
miss signal 72 to a hit arbiter 100. The priority logic en- 
coder 74 provides a hit/adder output 76. 

[0030] | n this aspect of the CAM memory 30, the second memory 



segment 300 has a structure similar to the first memory 
segment 200. Specifically, the second memory segment 
300 has multiple memory cells 63. The memory cells 63 
are arranged in rows 96 and columns 98 forming an array. 
The memory cells 63 in each particular row 96 are con- 
nected to one another by a corresponding match line 86. 
The match lines 86 of each row 96 are also connected to a 
second hit logic circuit 90. The memory cells 63 in each 
particular column 98 are connected to one another by 
corresponding search lines 88. The search lines 88 couple 
the output of the second memory segment's 300 search 
driver also referred to as the second search driver 108, to 
the input of the cells 63. The output 94 of the second hit 
logic circuit 90 is connected to the input of the priority 
logic encoder 74. The second hit logic circuit 90 also out- 
puts a second hit/miss signal 94 to the hit arbiter 100. 
[0031] As shown in Figure 3, the CAM memory 30 is segmented 
along the dimension of the search lines, 66 and 88. In 
other words, the memory segments 200 and 300 of the 
CAM memory 30 are formed by subdividing the array 
along the dimension of the rows and leaving the CAM 
memory 30 intact along the dimension of the columns. 
With such an organizational structure, a row is searched in 



its entirety, if it is searched at all. Additionally, if a match 
occurs in a memory segment, the match occurs for the 
entire search data string because entire rows are 
searched, rather than a part of a row. 

[0032] Accordingly, the first search driver 68 provides the search 
data to the first memory segment 200, and the second 
search driver 108 provides the search data to the second 
memory segment 300. Additionally, the first hit logic cir- 
cuit 70 receives the match line (64) signals from the first 
memory segment 200, and the second hit logic circuit 90 
receives the match line (86) signals from the second 
memory segment 300. Both the first and second hit logic 
circuits 70 and 90 are coupled to the priority encoder 74. 

[0033] jhe first hit logic circuit 70 also has a search control out- 
put 110 which is coupled to an extended search control 
circuit 106. The extended search control circuit 106 may 
output a signal to the second search driver 108. The ex- 
tended search control circuit 106 is also configured to re- 
ceive a full power search signal 104. Additionally, first and 
second search drivers, 68 and 108, may include multiple 
individual drivers, one for each respective column, 80 and 
98, of the CAM memory 30. 

[0034] | n operation of the CAM memory 30, first search drivers 



68 will start the CAM search operation. The search lines 
66 of the first memory segment 200 are activated at the 
start of a search, but search lines 88 of the second mem- 
ory segment 300 are blocked at the second search driver 
108, leaving the second segment memory segment 300 
inactive. If a hit is detected in the first memory segment 
200, there is no need to continue searching the remaining 
second memory segment 300 of the CAM memory 30 and 
further searching is halted. If the CAM memory 30 were to 
have further memory segments beyond the second mem- 
ory segment 300, such memory segments would also be 
left unsearched. 
[0035] |f the search data is found in the first memory segment 

200, the first hit logic circuit 70 will detect the hit and in- 
dicate a hit to the extended search control logic circuit 
106. The extended search control logic circuit 106 will 
then prevent the second search driver 108 from being ac- 
tivated. Thus, there will be no searching of the second 
memory segment 300, with the associated discharging 
and recharging of match lines corresponding to miscom- 
pare cells. 

[0036] Alternatively, a first memory segment 200 miss or mis- 
compare has occurred if a hit is not detected within a spe- 



cific period of time (a CAM mimic path is one way of de- 
termining such timing). Consequently, the extended 
search control circuit 106 will activate the second search 
driver 108 to continue the search operation in the second 
memory segment 300. Whether a hit or a miss occurs in 
any of the memory segments 200 and 300, the hit arbiter 
circuit 100 receives signals from the first and second hit 
logic circuits 70 and 90 and outputs the hit/miss informa- 
tion 102 from the corresponding memory segment. This 
same process can continue any number of times corre- 
sponding to the number of segments in the CAM memory 
30. 

[0037] | n particular, the extended search control circuit 106 re- 
ceives a signal from the first hit logic circuit 70 indicating 
whether a hit occurred in the first memory segments 200. 
The extended search control circuit 106 then controls 
whether the second memory segment 300 is searched by 
controlling the second search driver 108. For example, if a 
hit occurred in the first memory segment 200, the ex- 
tended search control circuit 106 sends a signal to the 
second search driver 108 blocking the transfer of the 
search data signal from the first memory segment 200 to 
the second memory segment 300. As such, the second 



memory segment 300 remains unsearched. If the ex- 
tended search control circuit 106 receives a signal indi- 
cating no hit occurred in the first memory segment 200, 
the extended search control circuit 106 sends a signal to 
the second search driver 108 to pass search data received 
from the first memory segment 200 to the second mem- 
ory segment 300, thereby causing the second memory 
segments 300 to be searched. 
[0038] Additionally, the extended search control circuit 106 may 
receive a signal 104 indicating that all memory segments 
should be searched simultaneously. In accordance with 
such a signal, the extended search control circuit 106 
sends a signal to the second search driver 108 to pass the 
search data to the second memory segment 300 regard- 
less of whether any hit occurs in the first memory seg- 
ment 200. 

[0039] The match lines 64 and 86 from each row 78 and 96, feed 
into the respective hit logic circuits 70 and 90. It is here 
that the match lines 64 and 86 are precharged high and 
subsequently analyzed to determine whether a hit or miss 
has occurred in the corresponding memory segments 200 
and 300. During a search, a match or a miss output signal 
may be generated in the hit logic circuits 70 and 90. In 



some applications, information from the hit logic circuits 
70 and 90 is transmitted to the priority encoder 74. The 
priority encoder 74 receives signals from the first hit logic 
circuit 70 and the second hit logic circuit 90. The priority 
encoder 74 analyzes the signals received from the first 
and second hit logic circuits 70 and 90 and determines 
whether a hit has occurred. If a hit has occurred, the pri- 
ority encoder 74 outputs a signal 76 which indicates a hit 
has occurred and also includes the address of the hit. If 
more than one hit has occurred in a search memory seg- 
ment, the priority encoder 74 outputs the address of the 
first hit. 

[0040] where the CAM memory 30 stores duplicate data in the 

first and second memory segments 200 and 300, the only 
information needed by the system is the fact that a hit has 
occurred and the memory address of this first hit. This is 
true whether the duplicate data is stored in a single mem- 
ory segment and produces multiple hits, or spread across 
both memory segments 200 and 300. Thus, no power is 
wasted on redundant searching after at least one hit in the 
first memory segment 200. 

[0041] Alternatively, a full power search signal 104 is available if 
the power supply powering the CAM memory 30 can han- 



die the CAM's maximum power requirement. For example, 
some search applications prevent multiple hits (or just 
limit the maximum number of possible hits) from occur- 
ring and can therefore limit the maximum power by soft- 
ware control. In another example, the memory system 
may have adequate chip packaging and decoupling and 
can maintain a stable power supply under severe CAM 
switching loads. In such cases, overriding the extended 
search control 106 if there is adequate power can allow 
searching the entire CAM, regardless of memory segmen- 
tation and the number of hits. If the extended search con- 
trol 106 is overridden, the full power search signal 104 is 
asserted and the second search driver 108 will simply 
pass the search data from the first memory segment 200 
to the second memory segment 300 with minimum delay. 
Thus, the CAM memory 30 can be selectively searched 
without any decrease in performance associated with a 
power conserving segment-by-segment search. 
[0042] Figure 4 is a flow diagram of an embodiment showing 

steps of using the invention. Figure 4 may equally repre- 
sent a high-level block diagram of components of the in- 
vention implementing the steps thereof. Thus, the steps 
of Figure 4 may be implemented on a computer program 



code in combination with the appropriate hardware. This 
program code may be stored on a storage media such as a 
diskette, hard disk, CD-ROM, DVD-ROM or tape, as well 
as a memory storage device or collection of memory stor- 
age devices such as a read-only memory (ROM) or random 
access memory (RAM). Additionally, the computer pro- 
gram code can be transferred to a workstation over the 
Internet or some other type of network. Figure 4 may also 
be implemented, for example, using the components of 
Figures 2-3. 

[0043] At the beginning of the search S102, the match lines of 
each row of memory cells in each memory segment is 
charged high, while the search lines of each column of 
each memory segment are charged low. Search data is 
then received by the first search driver, which passes the 
search data to the first memory segment to be searched at 
S104. Upon receiving the search data, the first memory 
segment is searched, and the match line of each row reg- 
istering a miss or miscompare is discharged to ground. 
Thus, any hits or misses in the first memory segment are 
indicated to the first hit logic circuit at S106. If there is a 
hit in the first memory segment, the hit is transmitted to 
the priority of logic encoder at S108 by the first hit logic, 



and the address of the row recording the hit is outputted 
by the priority of logic encoder at SI 10. 
[0044] |f the first memory segment does not contain the search 
data, each match line of the first memory segment is dis- 
charged to ground indicating no hits. A signal indicating 
no hits is then sent to be extended search control circuit 
by the first hit logic circuit at S112. The extended search 
control then signals the second search driver associated 
with the second memory segment that the first memory 
segment did not generate a hit, and the second search 
driver then passes the search data to the second memory 
segment at S114. Thus, the second memory segment is 
searched only if the first memory segment did not gener- 
ate a hit. 

[0045] upon receiving the search data, the second memory seg- 
ment is searched, and any row having a cell which records 
a miss discharges its match line to ground. The results of 
any hit in the second memory segment is received by the 
second hit logic circuit at S116, and is sent to the priority 
logic encoder by the second hit logic circuit at S108. The 
priority logic encoder outputs the address of any hit in the 
second memory segment at S110. Then steps S108 S116 
may be repeated for each additional memory segment 



which exists in the array until the data is found, or all 
memory segments have been searched. If all memory seg- 
ments are searched without a hit, a signal indicating the 
search data was not found is outputted at SI 18. 
[0046] Given an ideal power supply able to deliver the power re- 
quired by a CAM memory, segmenting the CAM memory, 
as described above, may cause the CAM search to take 
longer than if the memory was not segmented. However, 
this apparent time penalty is reduced if its compared to 
the CAM search delay or outright CAM failure of a conven- 
tional CAM when the power supply collapses (due to the 
large current fluctuations), as would typically happen 
without a CAM power reduction circuit. 



